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s  u  m  m  a  r  y
This case  report  describes  the  successful  ablation  of  an  iatrogenic  accessory  pathway  in a Fontan  patient.
A 15-year-old  girl  with  tricuspid  atresia  was  palliated  with  a Bjork  modiﬁcation  Fontan  procedure;  six
years later  she  developed  supraventricular  tachycardia.  Electro-anatomic  mapping  during  electrophysi-
ology study  localized  a concealed  iatrogenic  atrioventricular  accessory  pathway  and  facilitated  successfuleywords:
ontan
-Dimensional mapping
rrhythmia  following cardiac surgery
ablation using  radiofrequency  energy.  This  report  reviews  the  reported  cases  of anomalous  atrioventric-
ular conduction  (antegrade  only,  retrograde  only  [Hager,  et  al.,  J Thorac  Cardiovasc  Surg  2005;130:48–53],
both [Liberman,  et  al., Pacing  Clin  Electrophysiol  2000;23:914–6])  after  the  Fontan/Bjork  repair,  outlines
a potential  pathophysiologic  mechanism  for the  post-operative  tachyarrhythmia  and  highlights  the use-
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Recent advances in management of cardiac arrhythmias include
he  development of non-radiologic mapping techniques to iden-
ify  and localize the mechanism of tachyarrhythmias, particularly
n  the young person with repaired complex congenital heart dis-
ase.  In this report we describe a 15-year-old girl with tricuspid
tresia  6 years after the Bjork modiﬁcation Fontan operation who
eveloped a paroxysmal tachyarrhythmia and review the reported
 cases [1–6]. Electro-anatomic mapping played a key role in iden-
ifying  the mechanism and facilitating its successful elimination
y  transcatheter radiofrequency ablation [1]. Finally, we  update
reviously  noted possible pathophysiologic mechanisms for the
achycardia [2,7–9].
ase  report
The  patient underwent a Bjork modiﬁcation of the Fontan
rocedure [10] at 3 years of age consisting of suturing the right
trial  appendage to the anterior right ventricular outﬂow tract
ia  a ventriculotomy. There was no ventricular preexcitation and
o tachycardia prior to her Fontan palliation. At 9 years of age
DOI of commentary article: http://dx.doi.org/10.1016/j.jccase.2012.06.008.
∗ Corresponding author at: University of Iowa Children’s Hospital, 200 Hawkins
rive, Iowa City, IA 52242, USA. Tel.: +1 319 356 4995; fax: +319 356 4693.
E-mail address: ian-law@uiowa.edu (I.H. Law).
a
m
s
t
o
s
Q
t
a
878-5409/$ – see front matter © 2012 Japanese College of Cardiology. Published by Else
ttp://dx.doi.org/10.1016/j.jccase.2012.04.001pping  in identifying  unusual  arrhythmias  in post-operative  patients  with
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he presented with a paroxysmal narrow QRS complex tachy-
ardia  at 280 beats/min; the tachyarrhythmia was successfully
ardioverted to sinus rhythm on several occasions with adeno-
ine;  she was treated with digoxin and verapamil. At 15 years
f  age, because of recurrent tachycardia, she underwent electro-
hysiologic  (EP) study using a multi-channel electrophysiologic
ecording and pacing system (EP Med  System, West Berlin, NJ,
SA).  A 4F electrode catheter was  placed in the left ventri-
le  and a 2F active ﬁxation temporary pacing lead (Medtronic
nc,  Minneapolis, MN,  USA) in the high right atrium. No His
otentials were recorded. Adenosine (10 mg), given by bolus
njection  during left ventricular pacing, demonstrated, constant
etrograde  conduction consistent with a concealed accessory
athway. Ventricular burst and extrastimulus pacing revealed
 constant ventricular-atrial (VA) conduction interval. Atrial
xtra  stimulus induced supraventricular tachycardia (SVT; cycle
ength  = 250 ms) with a 1:1 atrioventricular relationship. Prema-
ure  ventricular extra stimuli during the SVT advanced atrial
ctivation  during probable His refractoriness (based on esti-
ated  HV interval). Using the CARTO electro-anatomic mapping
ystem  (Biosense, Webster, Diamond Bar, CA, USA), the loca-
ion  of the atretic tricuspid valve was  identiﬁed in the area
f  tricuspid valve. VA conduction intervals mapped and mea-
ured  on the atretic tricuspid valve annulus (onset of the
RS  complex to the ﬁrst rapid deﬂection of the atrial elec-
rogram) during SVT were 137 ms,  156 ms,  118 ms,  and 140 ms
t  3:00, 6:00, 9:00, and 12:00 respectively. The shortest VA
vier Ltd. All rights reserved.
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Figure 1. Posteroanterior ﬂuoroscopic image (a) and electro-anatomical map (b) as well as lateral ﬂuoroscopic image (c) and electro-anatomical map  (d) during ventricular
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cacing.  The electrical anatomical maps show early atrial activation (red) near the
blation  catheter tip is positioned at the site of successful ablation. Ref, active ﬁx
entricle  (retrograde aortic approach).
nterval during SVT was 71 ms  and was measured at the ante-
ior  right atrium, near the mouth of the right atrial appendage
RAA) where it was anastomosed to the right ventricular outﬂow
ract  (RVOT, Fig. 1). Radiofrequency energy (maximum tempera-
ure  51 ◦C) at 50 Watts for 30 s delivered at that site eliminated VA
onduction  (Fig. 2), two  additional lesions were applied due to the
nitial low temperature. Post ablation EP testing with and without
soproterenol demonstrated decremental retrograde conduction
nd  failed to induce SVT. Intravenous adenosine given during left
entricular  pacing resulted in retrograde block. The patient was
ischarged  6 h after the procedure; she has been arrhythmia free
or  5 years.iscussion
Atrial  arrhythmias, especially intra-atrial reentrant tachycar-
ia  (IART), are common following the Fontan operation, occurring
m
p
a
sof the right atrial appendage to right ventricular outﬂow tract anastomosis. The
reference electrode; Abl, ablation catheter; LV, electrophysiology catheter in left
n  7–35% of patients [11–13]. In contrast to the expected IART
n  the tricuspid atresia patient following a Fontan operation,
n  atrioventricular reentrant tachycardia (AVRT) supported by
n accessory pathway (either manifest or concealed) is unusual
1,14,15],  but not infrequently suggested by the electrocardio-
ram. On the other hand, the atrioventricular anastomosis Fontan
Bjork  modiﬁcation [10]) has been reported to produce an inadver-
ent,  surgically created, electrically active connection supporting
trioventricular reentry tachycardia in 7 previous cases [1–6].
n  addition 4 of these 7 patients had both antegrade (preex-
itation, Wolff-Parkinson White electrocardiogram pattern) and
etrograde conduction (AVRT) through the atrioventricular anas-
omosis [1,4,5]. One additional patient developed only antegrade
onduction after surgery [16]. In our patient, electro-anatomic
apping was  used in the anticipation of an inducible IART. Six
revious  reports [1–6] described ablation (6 by radiofrequency
blation, 1 by surgery) of a concealed only [1] or manifest acces-
ory  pathway [2] (two multiple) in these 7 patients. The authors
e68 I.H. Law et al. / Journal of Cardiology Cases 6 (2012) e66–e69
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Rigure 2. Electrocardiogram and intracardiac electrograms obtained during ventric
he  radiofrequency application.
nterpreted the ﬁndings differently. Based on the angiographic
mages of the RA-RV anastomosis and the catheter positions super-
mposed  on those images, one postulated a pre-existing congenital
oncealed  accessory pathway in the region of the atretic tricus-
id  valve [3] as apparently occurred in 3 of Hager’s 5 patients [1],
hile  the others hypothesized the development of an iatrogenic
ccessory pathway mediating AVRT following the Fontan palliation
1,2,5,6].
The  surgical creation of an electrically conducting atrioventric-
lar  connection is of considerable interest and not dissimilar to the
bserved atrio-atrial electrical connectivity that has been reported
n  patients following cardiac transplantation [17–19]. As suggested
y  others [2,17,19] and based on more recent experimental obser-
ations  [7–9,19,20], we propose that electrotonic transmission
ay  account for impulse propagation through a narrow area of
mpaired conduction, which may  exist in an anastomotic “scar,”
ith  just enough ionic channels and electrotonic current spread
cross  myocyte-myoﬁbroblast connections in the absence of an
ction potential generation – to support downstream transmission
7,9,19,20]. Four patients with tachycardia supported by the new
nastomosis [1] demonstrated antegrade anomalous conduction
cross  the atrioventricular anastomosis. Four patients (including
he  present case) exhibited only retrograde conduction across the
nastomosis, perhaps related to asymmetry in the geometry of the
onduction pathway [8] or the greater amplitude of the ventricu-
ar  signal (compared to the atrial signal) sufﬁcient to recruit more
onic  channels and produce more electrotonic current to excite the
tria retrogradely. Other authors have suggested that some ﬁbers
rom  the upstream tissue may  become “trapped” within and along
he border of the downstream insertion tissue or grow into it and
stablish  conduction [18,19].
Several  factors support the interpretation that the post-surgical
VRT  in our patient also arose from an iatrogenic, post-surgical for-
ation of a ventricular-atrial conducting pathway between atrial
nd ventricular tissue. First, careful electro-anatomic mapping dis-
losed a long VA conduction interval during the tachycardia at the
tretic tricuspid valve ring and coronary sinus compared to the
hort  VA conduction interval recorded at the site of successful abla-
ion – the RAA–RVOT anastomosis. Second, the tachycardia in all
 patients did not occur until after the Fontan operation, allow-
ng  for the high probability that a pathway did not exist prior toacing and radiofrequency ablation. A loss of retrograde conduction is seen 2.2 s into
he  Fontan operation. Third, the interruption of VA conduction and
achycardia after ablation supports the observation that there was
o residual accessory conducting pathway near the atretic valve
ite  and that pre-ablation retrograde conduction occurred only at a
ite, identiﬁed by electro-anatomic mapping, anatomically distant
rom  the atretic tricuspid valve but anatomically immediate to the
AA–RVOT anastomosis.
onclusion
Electro-anatomic mapping is a highly effective adjunct in the
iagnosis  and treatment of IART in the post-operative congeni-
al  heart disease patient. In this case, as in a previous case [1]
lectro-anatomic mapping was very useful in conﬁrming and then
recisely localizing the concealed iatrogenic retrograde limb of
he reentrant circuit. Based on recent experimental observations,
e  propose that sufﬁcient electrotonic current thorough myocyte-
yoﬁbroblast connection established by the atrio-ventricular
nastomosis is the likely mechanism that supports the acquired
nomalous conduction and the AVRT. This experience, along with
he review of the previous cases, underscores the importance of
stablishing the mechanism of the tachycardia, as well as the value
f  high deﬁnition electro-anatomic mapping, when evaluating a
atient with arrhythmias following cardiac surgery for complex
ongenital  heart disease.
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